Macro-and microelement concentrations of timothy (Phleum pratense L.) In both years, the concentrations of harmful elements in timothy were low. A drastic decrease in Pb from 1974 to 1987 was due to a remarkable decrease in the Pb emissions from traffic into the atmosphere.
Introduction
Plants take up mineral elements mostly by their roots from the soil, but to some extent also by their leaves from the air. Changes in concentrations of both media may cause changes in concentrations of the plants. Soil characteristics are affected by cultivation practices like fertilization, liming, etc., and by atmospheric depositions. The quality of the air is influenced by emissions from natural and anthropogenic sources. Soil factors like texture, acidity and organic matter content influence the uptake of the elements. Weather conditions also regulate the uptake of different elements by the plants. Finally, the element concentrations of the plants are dependent on the plant species, cultivar and plant part in addition to the stage of development. However, elements occurring as structural components tend to vary less than those having specific metabolic functions in the plant.
In 1974, soil and timothy samples were collected from about 2000 sampling sites in different parts of Finland. The samples were analyzed for macro-and microelements. Research results of the soil survey were published by Sippola and Tares (1978) and those of the timothy survey by Kähäri and Nissinen (1978) and by Paasikallio (1978) . In 1987, 1320 of the same fields were resampled; 1320 soil and 403 timothy samples were collected. The chemical characteristics of the soils were studied within the Finnish Acidification Project, 1985 Project, -1989 . The research results were published by Erviö et al. (1990) .
The aim of this study was to investigate the concentrations of macro-and microelements of the 1987 timothy samples and to compare them with those of 1974. The effects of soil characteristics, air quality and weather conditions were evaluated. land (Fig. 1) ; 403 were from the same fields as in 1974. Each plant sample (200-400 g DM) consisted of four subsamples which were taken from the four comers of the 10 x 10m sampling sites, which were at least 100 m away from the nearest highway and at least 50 m from the nearest electric line. Sampling was done after the spikes of timothy had formed but before flowering. Thus, in southern Finland timothy was sampled about two weeks earlier than in northern Finland. The weather conditions during the two growing seasons are described in Table 1 . It shows the effective temperature and precipitation sums in 1974 and 1987 and their means in 1961-1990 at three Finnish meteorological stations, i.e. Helsinki, Jyväskylä and Oulu. These stations were selected so as to cover nearly the whole sampling area.
Material and methods

Sampling
In 1987,407 timothy (Phleum pratense L.) samples were collected from five cultivation zones of Fin-
Plant analyses
Before analyses timothy samples were air-dried at 60°C and ground in a hammer mill of pure carbon steel to pass a 2 mm sieve. Mineral element concentrations were expressed on a dry matter (DM) basis. DM contents of air-dry timothy samples were determined by drying them at 105°C for 4 h. The samples were cooled in a desiccator for 2 h and weighed before ashing.
For determination of calcium (Ca), potassium (K), magnesium (Mg), phosphorus (P), aluminium (Al), cadmium (Cd), cobalt (Co), chromium (Cr), copper (Cu), iron (Fe), manganese (Mn), molybdenum (Mo), nickel (Ni), lead (Pb) and zinc (Zn) concentrations, the timothy samples (5.0 g) were dry-ashed at 450°C overnight (Agricultural Research Centre 1986).The ash was moistened with a few drops of water and thereafter dissolved in 10 ml of 3 N HCI in a water bath. The hot solution was filtered into a 50 ml volumetric flask by rinsing. The filter paper and residue were ashed again at 600°C and treated with HF to release the remaining elements in the residue.
The Cd, Co, Mo and Pb concentrations were measured by atomic absorption spectrophotometry (AAS) using a graphite furnace. The concentrations of other elements were determined by inductively coupled plasma atomic emission spectrometry (ICP-AES). For the determination of sulphur (S) and boron (B) concentrations, the timothy samples were wet-ashed in concentrated HNO3, and then measured by ICP-AES.
The methods of plant analyses employed for the timothy samples collected in 1974 have been described by Kähäri and Nissinen (1978) as well as by Paasikallio (1978) . The element concentrations of timothy measured at the Agricultural Research Centre in 1974 and 1987 could be considered very comparable due to good and continuous quality control of analytical methods and quality assurance of analytical results.
Statistical methods
The statistical methods used were frequency analysis, t-test and analysis of variance. Statistical calculations were made separately for each cultivation zone ( Fig. 1 ) and each soil type group which were: (A) coarse mineral soils (till, sand and finesand); (B) fine mineral soils (silt and clay); and (C) organic soils (peat, mould and gyttja).
Results and discussion
Changes from 1974 to 1987
Macroelements
The mean concentrations of Ca, K, Mg and P of timothy were lower in 1987 than in 1974 even though the extractable concentrations of the soil elements did not change or they even increased (Erviö et al. 1990 ). The mean decreases varied between 10-17% ( Table 2 ).
The decreases in Ca and Mg concentrations during the study period most probably resulted from the differences in the weather conditions between the growing seasons and in the stage of development of timothy. In 1987, the effective temperature sums were lower and precipitation sums higher than in 1974 (Table 1) , and the plant samples were collected at a slightly earlier and less mature stage of development. According to Keränen (1941) , the Ca concentrations in timothy are usually lower in younger plants and increase up to flowering. Similarly, the Mg concentration of the plants generally increases with age (Davies and Lane 1982) . Svanberg and Ekman (1946) showed that the Mg concentration of timothy does not increase during two weeks at the time of flowering.
The timothy P and K concentrations decreased by 10% from 1974 to 1987. These are elements, which usually decrease with age of the plants (Keränen 1941 , Salo et al. 1990 .
The mean S concentration of timothy in 1987 was about the same as thatreported by SILLANPÄÄ and Jansson (1991) , whereas, the mean S concentration of timothy grown on acid sulphate soils (Palko 1986) was clearly lower than that reported in the present study.
Microelements
The mean boron concentration of timothy did not change from 1974 to 1987 (Table 2) , although B was added each year into the soils as a component of all NPK fertilizers since 1972 and soluble B in the soils significantly increased between 1974 and 1987 (Erviö et al. 1990 ). Younger plants usually (Smith 1962 (Erviö et al. 1990 ).The mean concentrations of Co and Mo were about the same in 1987 and 1974, although the concentrations of these elements increased in soils (Erviö et al. 1990) .
From 1974 to 1987, the mean Cu, Mn and Zn concentrations of timothy decreased by 9, 21 and 22%, respectively. During the study period, soil extractable Cu increased by 32%, Mn did not change, and Zn decreased by 22%. The decrease in soil Zn apparently decreased the concentration of Zn in timothy, too. Moreover, the higher pH-value of the soils in 1987 (Erviö et al. 1990) may have reduced the availability of these micronutrients to plants.
Harmful elements
Between 1974 and 1987, there were no changes in the mean A 1 and Ni concentrations of timothy samples (Table 2) or soil samples (Erviö et al. 1990 ). Particularly high Al concentrations in timothy were reported by PALKO (1986) on Finnish acid sulphate soils which were few in this study.
The mean Cd concentration of timothy in 1987 did not differ significantly from that in 1974, even though the concentrations of soluble Cd in soils increased by 30% (Erviö et al. 1990 ). On the other hand, Cd depositions have gradually decreased in northern Europe during the last decades (Nordic Council ofMinisters 1992).The major part of plant Cd originates usually from the soil, but 20-60% of herbage Cd can be directly deposited from the air (Hovmand et al. 1983) . Atmospheric Cd may be absorbed into the plant and transported throughout it. Furthermore, soil pH that strongly regulates the uptake of Cd by the plants (Andersson and Nilsson 1974) , was higher in 1987 than in 1974 (Erviö et al. 1990 ).
The mean increase in the timothy Cr from 1974 to 1987 was 67%, whereas extractable soil Cr increased by 17%. In general, most of the plant Cr originates from the air (Mosbaek and Tjell 1985) .
A drastic decrease in the mean Pb concentrations of timothy was between the two years. In 1987, the concentration was 45% lower than in 1974. The decrease was due to the remarkable decline in domestic emissions of Pb into the air from traffic between 1974 and 1987. In the 1970'5, the total emissions of Pb from automobiles in Finland were about 1000tons per year (Finnish Ministry ofInternal Affairs 1981) . The Pb concentration of petrol was gradually reduced in the 1980's and Pb-free fuel has been available since 1985 (Finnish Ministry of Environment 1989).
In 1987, Pb emissions from traffic in Finland amounted to 200-300 tons. Still, automobile traffic was the principal source of Pb emissions into the air (Vornamo 1984) . Depositions are usually responsible for more than 90% of plant Pb (Mosbaek at al. 1989 ). Thus, a notable decrease in the Pb emissions must have influenced the Pb concentrations of timothy. A positive effect of diminishedPb emissions on the Pb concentration of the plants was observed also by Mäkelä-Kurtto and Tares (1987) ; the mean Pb concentration of one-year old pine needles in the Helsinki area decreased to one third from 1970 to 1986. Differences between soil type groups Timothy plants grown on coarse mineral soils contained less elements than the plants grown on other soil types, on average (Table 3) . Zn was an exception; the highest concentration was observed in timothy grown on coarse mineral soils.
The lowest mean Ca and B concentrations and the highest K, Cd and Cu concentrations were in the samples collected from fine mineral soils. Similarly, according to Sippola and Mäkelä-Kurtto (1986) , the mean Cd concentration of timothy grown on clay soil was higher than that of timothy grown on organic or coarse mineral soils. Al and Ni concentrations of timothy from fine mineral soils were nearly twice as high as the respective values in timothy from other soils. The plants grown on organic soils had the highest mean P, Mg, Fe and Mo values and the lowest mean Cd value. The Mo concentration of timothy grown on organic soil was about two times that grown on other soils. This is in accordance with an observation of Paasikallio (1978) . As to differences between the years by soil type group, the decreases in the concentrations of macroelements in timothy from 1974 (Kähäri and Nissinen 1978) to 1987 were the most notable on organic soils.
Differences by cultivation zone
Clear differences in the mineral element concentrations oftimothy between the cultivation zones were very few (Table 4 ). The Pb concentrations of timothy, like those of cultivated soils (Erviö et al. 1990) , clearly diminished from the south to the north, because traffic density and Pb emissions diminished to the same direction, too. Furthermore, the decrease in the timothy Pb from 1974 to 1987 was the most significant in southern Finland (Erviö 1989) due to the most remarkable decrease in the Pb emissions there. The mean P, B and Zn concentrations were the highest in timothy from the northernmost cultivation zone (V) . This might be due to the differences in the soil types. In this study, dominating soil types in southern Finland were fine mineral soils and in northern Finland coarse mineral soils. In addition to this, the proportion of organic soils was greater in the north than in the south (ERVIÖ et al. 1990 ).
Nutritive value of timothy
The nutritive value of timothy is of importance, since timothy is one of the main forage plants cultivated for animal feeds in Finland. Optimal element concentrations of the grass for cattle feeding are; Ca 4.0-4.5 g,K 20-30 g, Mg2g,Fe lOOmg.Cu 10 mg.
Mn 40 mg. Mo 0.3 mg and Co 0.1 mg kg' 1 DM (Salo et al. 1990 , Association of Rural Advisory Centres 1992). The optimal range of K concentrations is rather narrow in grass, because concentrations lower than 20 g kg 1 DM indicate K deficiency in the plants and those higher than 30 g kg' 1 DM are excessive for animals (Kasvata nurmiviljelyn tulosta ... 1993). Considering the stage of development of the plants, the mineral element concentrations of timothy obtained here were about the same as those reported by Lakanen ( 1 969) and by KÄHÄRI and Nissinen (1978) , but lower than the values recommended today.
Conclusions
The differences in the mineral element concentrations of timothy between 1974 and 1987 were mainly due to the weather conditions and the stage of development of the plants. However, some supportive measures, e.g. Zn fertilization, may be needed to optimize the nutritive value of grass for hanced by reducing emissions of heavy metals into animal feeding. 
